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(57) ABSTRACT 

In a vacuum processing apparatus comprising a reactor and 
a vacuum pump connected to the reactor to draW up a gas 

held in the reactor, the vacuum pump comprising a diffusion 
pump and an auxiliary pump, the diffusion pump and the 
auxiliary pump are connected through an exhaust line and a 
cooling unit is provided in the exhaust line, Whereby the gas 
is cooled by the cooling unit to liquefy or condense an oil 
smoke comprised of a diffusion pump oil contained in the 
gas, to cause the resultant oil to deposit in the exhaust the 
diffusion pump oil can be prevented from ?owing into the 
auxiliary pump even When material gases fed in at a high 
rate are exhausted. 

30 Claims, 12 Drawing Sheets 
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EXHAUST PROCESS AND FILM 
DEPOSITING METHOD USING THE 

EXHAUST PROCESS 

CONTINUING DATA 

This application is a division of application Ser. No. 
09/277,815, ?led Mar. 29, 1999, now US. Pat. No. 6,203, 
618, issued Mar. 20, 2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an exhaust system, an exhaust 

process, and a vacuum processing apparatus and a vacuum 
processing method Which have the exhaust system. More 
particularly, it relates to an exhaust system, an exhaust 
process, and a vacuum processing apparatus and a vacuum 
processing method Which have the exhaust system. The 
exhaust system is suitable for use in a vacuum processing 
apparatus including a deposited-?lm-forming apparatus that 
can form crystalline or non-single crystal functional depos 
ited ?lms useful in producing semiconductor devices, such 
as electrophotographic photosensitive member devices, 
image-inputting line sensors, image pick-up devices and 
photovoltaic devices, a sputtering apparatus that can pref 
erably form insulating ?lms and metallic Wiring for semi 
conductor devices and optical devices, and an etching appa 
ratus for semiconductor devices. 

2. Related Background Art 
Various plasma processing apparatuses are used for a 

variety of purposes. For example, oxide ?lms or nitride ?lms 
are formed by plasma CVD using a plasma CVD system, 
and semiconductor ?lms as typi?ed by amorphous silicon 
?lms are also formed. Also, metal ?lms used as metallic 
Wiring ?lms are formed by sputtering using a sputtering 
apparatus, or processing targets are etched using an etching 
apparatus Which enables ?ne processing. Development of 
such techniques is in progress. In particular, plasma pro 
cessing making use of high-frequency poWer or microWave 
poWer has a high stability in discharging and is used because 
of its various advantages, e.g., it can be used in forming not 
only semiconductor ?lms but also insulating materials such 
as oxide ?lms and nitride ?lms. 
NoW, in vacuum processing, in recent years there has been 

a strong demand for an improvement in ?lm quality of ?lms 
formed and process capability therefor, and various mea 
sures are being studied. In particular, from the vieWpoint of 
improving ?lm quality, increasing ?lm quality unformity 
and controlling ?lm thickness, making the degree of vacuum 
higher in the discharge space has been studied. For example, 
deposited-?lm-forming apparatuses are knoWn to attain a 
high degree of vacuum by using a diffusion pump in 
combination With a rotary pump or mechanical booster 
pump, the former being a pump for evacuating the inside of 
a processing space and the latter being an auxiliary pump for 
assisting the evacuation made by the diffusion pump. The 
rotary pump or mechanical booster pump is used for rough 
ing. In such an instance, the degree of vacuum achieved in 
the discharge space can be from about several hundred Pa to 
about 20 Pa. At present, a high degree of vacuum from about 
10 mPa to 15 Pa can also be achieved by optimiZing the form 
of evacuation. In such deposited-?lm-forming apparatuses, 
deposited ?lms With less contamination and improved prop 
erties can be obtained by making the degree of vacuum in 
the discharge space higher. 

In order to decrease production cost, it is important to 
improve the rate of deposition of functional ?lms (i.e., rate 
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2 
of vacuum processing). Making the rate of deposition (rate 
of vacuum processing) higher brings about a higher through 
put of the deposited-?lm-forming apparatus (vacuum pro 
cessing apparatus). As a result, the cost necessary for plant 
investment can be reduced, and the processing cost for 
individual products can be reduced. Accordingly, in order to 
make the rate of processing higher While making it possible 
to improve ?lm quality, increase ?lm quality uniformity and 
control ?lm thickness With ease, it is necessary to evacuate 
the inside of a processing chamber of the vacuum processing 
apparatus at a high rate and to a high vacuum by means of 
a vacuum pump With a large exhaust capacity, While feeding 
material gases at high ?oW rates to the vacuum processing 
apparatus. 

MeanWhile, When material gases are exhausted at a high 
rate by means of a vacuum pump having a large exhaust 
capacity, it is preferable to use the diffusion pump. The 
diffusion pump can readily attain a large exhaust capacity, 
and the pump itself is inexpensive. When the diffusion pump 
is used in combination With the mechanical booster pump or 
rotary pump, the degree of vacuum attained can be 10 mPa 
to 15 Pa as stated above, and hence the above intended 
performance can be achieved sufficiently. 

HoWever, When such material gases fed at high ?oW rates 
are exhausted by the diffusion pump, diffusion pump oil 
vaporiZed from the diffusion pump ?oWs to the side of the 
auxiliary pump mechanical booster pump or rotary pump 
together With the material gases to be exhausted. This results 
in an abrupt decrease in the quantity of the diffusion pump 
oil in the diffusion pump. The diffusion pump oil is expen 
sive. The consumption of diffusion pump oil in a large 
quantity causes high production cost. Also, in order to 
supplement the diffusion pump oil, it is necessary to provide 
the steps of cooling the diffusion pump, thereafter restoring 
the internal vacuum state to the atmospheric pressure and 
then supplementing the diffusion pump oil. Frequent repeti 
tion of such steps results in a loW operating efficiency of the 
system. Also, it is necessary to provide more maintenance to 
the diffusion pump. In addition, the oil ?oWed out of the 
diffusion pump to the auxiliary pump side stands in the 
auxiliary pump rotary pump. Such oil in the rotary pump 
may increase With long-term continuous use and eventually 
cause trouble. Even if it does not lead to trouble, it has ill 
effects such as loWering exhaustion rate and conspicuous 
suspension of oils When oils different in properties are 
present. Moreover, since the diffusion pump oil Which is not 
the oil for the rotary pump enters the rotary pump, it may 
cause Wear of the rotary pump at its sliding faces and other 
problems Which shorten the rotary pump lifetime. Of course, 
such problems are applicable similarly to a vacuum process 
ing apparatus such as a deposited-?lm-forming apparatus, a 
sputtering apparatus and an etching apparatus. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an exhaust 
system, an exhaust process, a vacuum processing apparatus 
and a vacuum processing method Which can solve the above 
problem. 

Another object of the present invention is to provide an 
exhaust system, an exhaust process, a vacuum processing 
apparatus and a vacuum processing method Which, even 
When material gases fed at high ?oW rates are exhausted, do 
not result in diffusion pump oil ?oWing to the auxiliary 
pump side, thereby abruptly decreasing the amount of dif 
fusion pump oil and causing such oil to stand in the auxiliary 
pump, Which are durable to repeated use, Which can main 
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tain evacuation performance over a long period of time and 
Which can achieve maintenance cost reduction. 

Still another object of the present invention is to provide 
an exhaust system, an exhaust process, a vacuum processing 
apparatus and a vacuum processing method Which enable 
easy and inexpensive control of vacuum processing, e.g., to 
improve ?lm quality, to increase ?lm quality uniformity and 
to control ?lm thickness. 
A further object of the present invention is to provide an 

exhaust system, an exhaust process, a vacuum processing 
apparatus and a vacuum processing method Which make it 
easy to keep any contamination of processing targets to a 
minimum in the course of the manufacturing process. 
A still further object of the present invention is to provide 

an exhaust system, an exhaust process, a vacuum processing 
apparatus and a vacuum processing method Which enable 
short-time production and cost reduction and promise good 
reproducibility of vacuum processing. 

To achieve the above objects, the present invention pro 
vides an exhaust system comprising: 

a ?rst exhaust means; 

a second exhaust means for exhausting an exhaust gas of 
the ?rst exhaust means; 

an exhaust line connecting the ?rst exhaust means and the 
second exhaust means; and 

a cooling means for cooling the exhaust line, provided 
along the exhaust path. 

The present invention also provides an exhaust process 
comprising the steps of: 

exhausting an exhaust gas of a ?rst exhaust means 
through a second exhaust means Which connects the 
?rst exhaust means through an exhaust line; 

liquefying in the exhaust line by a cooling means the 
exhaust gas ?oWing from the ?rst exhaust means 
through the exhaust line; and 

exhausting by the second exhaust means the exhaust gas 
having passed through the step of liquefying the 
exhaust gas. 

The present invention still also provides a vacuum pro 
cessing apparatus comprising a reactor and a vacuum pump 
connected to the reactor to draW up a gas held in the reactor, 
the vacuum pump comprising a diffusion pump and an 
auxiliary pump, the apparatus further comprising: 

an exhaust line provided betWeen the diffusion pump and 
the auxiliary pump; and 

a cooling unit provided in the exhaust line, for cooling the 
gas to liquefy or condense an oil smoke comprised of 
a diffusion pump oil contained in the gas, to cause the 
resultant oil to deposit in the exhaust line. 

The present invention further provides a vacuum process 
ing method for forming a deposited ?lm by a system 
comprising a reactor and a vacuum pump connected to the 
reactor to draW up a gas held in the reactor; the vacuum 
pump comprising at least a diffusion pump and an auxiliary 
pump; Wherein 

the diffusion pump and the auxiliary pump are connected 
through an exhaust line and a cooling unit is provided 
in the exhaust line, Where the gas is cooled by the 
cooling unit to liquefy or condense an oil smoke 
comprised of a diffusion pump oil contained in the gas, 
to cause the resultant oil to deposit in the exhaust line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic side vieW of a deposited-?lm 
forming apparatus as the vacuum processing apparatus of 
the present invention. 
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4 
FIG. 2 illustrates a pipe and a cooling means Which are 

used in the present invention. 
FIG. 3 illustrates a pipe and a cooling means Which are 

used in the present invention. 
FIG. 4 is a diagrammatic side vieW of another deposited 

?lm-forming apparatus as the vacuum processing apparatus 
of the present invention. 

FIG. 5 is a diagrammatic side vieW of still another 
deposited-?lm-forming apparatus as the vacuum processing 
apparatus of the present invention. 

FIG. 6 is a diagrammatic side vieW of still another 
deposited-?lm-forming apparatus as the vacuum processing 
apparatus of the present invention. 

FIG. 7 is a diagrammatic side vieW of a further deposited 
?lm-forming apparatus as the vacuum processing apparatus 
of the present invention. 

FIG. 8 is a diagrammatic vieW shoWing a diffusion pump 
and an oil injector Which are provided in the vacuum 
processing apparatus of the present invention. 

FIG. 9 is a diagrammatic vieW also shoWing a diffusion 
pump and an oil injector Which are provided in the vacuum 
processing apparatus of the present invention. 

FIG. 10 is a partial diagrammatic cross-sectional vieW of 
an electrophotographic photosensitive member obtained in 
the present invention. 

FIG. 11 is a partial diagrammatic cross-sectional vieW of 
another electrophotographic photosensitive member 
obtained in the present invention. 

FIG. 12 is a diagrammatic vieW of an electrophotographic 
photosensitive member forming apparatus as an example of 
the vacuum processing apparatus of the present invention. 

FIG. 13 is a diagrammatic vieW of another electrophoto 
graphic photosensitive member forming apparatus as an 
example of the vacuum processing apparatus of the present 
invention. 

FIG. 14 is a diagrammatic side vieW of a deposited-?lm 
forming apparatus used for a comparative example. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will be described beloW by giving 
an example of a deposited-?lm-forming apparatus. The 
vacuum processing apparatus of the present invention is not 
limited to the deposited-?lm-forming apparatus and may 
also be applied to other vacuum processing apparatuses such 
as a sputtering apparatus and an etching apparatus. 
As stated previously, in the deposited-?lm-forming appa 

ratus required to improve ?lm quality, to increase ?lm 
quality uniformity, to control ?lm thickness With ease and to 
make the rate of processing higher, it is necessary to feed 
material gases into the processing space at a high ?oW rate 
and to keep the discharge space in the desired high-vacuum 
state. Accordingly, a vacuum pump With a large exhaust 
capacity is used so that the material gases fed can be 
exhausted from the discharge space at a high rate. In such an 
instance, the How of exhaust gases at a high rate may draW 
out even the vapor of diffusion pump oil, thereby causing a 
problematic decrease in oil quantity in the diffusion pump in 
a short period of time. The diffusion pump oil is very 
expensive, and its expenditure in such a short time may 
cause a problematically high maintenance cost for the appa 
ratus. Also, oil smoke occurring from the diffusion pump or 
vaporiZed diffusion pump oil melts into the pump oil of the 
auxiliary pump (usually the rotary pump) to change the 
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properties of rotary pump oil and also to cause an increase 
in oil quantity, bringing about various dif?culties such that 
the oil over?ows the rotary pump and a mechanical load is 
applied to its motor. In the present invention, in order to 
solve such problems, the diffusion pump and the auxiliary 
pump are connected through an exhaust line and a cooling 
unit is provided in the exhaust line, Where the diffusion 
pump oil contained in the exhaust gases in the form of oil 
smoke or vapor is lique?ed or condensed in the exhaust line 
so that ?oWing of the diffusion pump oil can be prevented, 
or lessened as much as possible, into the auxiliary pump to 
substantially decrease or prevent diffusion pump oil expen 
diture. 

The present invention also makes it possible to recover 
and reuse the diffusion pump oil formed by liquefying the oil 
smoke in the exhaust line (pipe), Without loWering the 
operating ef?ciency of the vacuum pump. Hence, not only 
the diffusion pump oil can be prevented from being Wasted, 
but also the operating ef?ciency of the apparatus can be 
maintained at a very high level. In addition, the present 
invention makes it possible to prevent or lessen the amount 
of diffusion pump oil that enters entering, or make it less 
enter, other pumps such as the rotary pump Which forms the 
back pressure of the diffusion pump, so that the maintenance 
performance and operating ef?ciency of the Whole apparatus 
can be improved and also its maintenance and drive cost 
reduced. 

Embodiments of the present invention Will be described 
beloW in detail With reference to the accompanying draW 
ings. 

(First Embodiment). 
FIG. 1 is a diagrammatic vieW shoWing the construction 

of a deposited-?lm-forming apparatus as a vacuum process 
ing apparatus according to a ?rst embodiment of the present 
invention. In FIG. 1, reference numeral 101 denotes a 
?lm-forming furnace (a container) having a space to be 
evacuated Which embraces a vacuum processing space; 102, 
a diffusion pump as a ?rst exhaust means; 103, an auxiliary 
pump (usually a rotary pump or a combination of the rotary 
pump With a mechanical booster pump) as a second exhaust 
means for exhausting an exhaust gas of the ?rst exhaust 
means; 104, an exhaust line connecting the diffusion pump 
102 and the auxiliary pump 103, as a pipe connecting the 
?rst exhaust means and the second exhaust means; 105, a 
cooling pipe as a cooling means for cooling an exhaust path 
of the pipe, provided along the exhaust path; 106, a refrig 
erant inlet through Which a refrigerant is ?oWed into the 
cooling pipe; and 107, a refrigerant outlet from Which the 
refrigerant is discharged. 

The ?rst exhaust means, the second exhaust means, the 
pipe connecting the tWo and the cooling means basically 
constitute the exhaust system of the present invention. 

The diffusion pump 102 has a diffusion pump oil recovery 
means 110. This diffusion pump oil recovery means 110 is 
an additional cooling means different from the cooling pipe 
105 provided in the exhaust line 104, and is, e.g., a means 
attached inside the diffusion pump 102. The diffusion pump 
oil recovery means 110 can liquefy the greater part of the 
diffusion pump oil evaporated upon operation of the diffu 
sion pump and collect and return it to the diffusion pump 
102. 

The exhaust line 104 is connected With the diffusion pump 
102 so as to draW out the gases held in the ?lm-forming 
furnace 101 through the diffusion pump oil recovery means 
110. 

Either of the refrigerant inlet 106 and the refrigerant outlet 
107 may be provided on the side close to the diffusion pump 
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6 
102. A form in Which the refrigerant inlet 106 is provided on 
the side closer to the diffusion pump 102 is preferred 
because of a higher cooling effect. 

In the deposited-?lm-forming apparatus as a vacuum 
processing apparatus according to the ?rst embodiment of 
the present invention, the exhaust line 104 is horiZontally 
provided at its cooling pipe portion. The cooling means, 
cooling pipe 105 is provided inside the exhaust line 104 in 
a spiral form, and the refrigerant ?oWs through the interior 
of the cooling pipe 105. Exhaust gases hold or contain the 
diffusion pump oil standing vaporiZed Without being com 
pletely recovered by the diffusion pump oil recovery means 
110, and the vaporiZed diffusion pump oil (oil smoke) is 
abruptly cooled to liquefy it When it passes through the 
exhaust line 104. As in the present invention, the exhaust 
line 104 is provided to extend from the diffusion pump 102 
to the auxiliary pump 103 and also the cooling pipe 105 is 
provided inside the the exhaust line 104, Whereby the oil 
smoke generated from the diffusion pump 102 can come into 
contact With the broad inner Wall surface of the cooling pipe 
105 for a long time and evenly in the exhaust line 104, so 
that the oil smoke can be lique?ed effectively. Thus, in the 
present embodiment, providing the cooling pipe 105 in the 
exhaust line 104 enables the oil smoke to be prevented from 
being draWn up from the diffusion pump 102 to the auxiliary 
pump 103. 

FIGS. 2 and 3 are partial diagrammatic cross-sectional 
vieWs of the exhaust line 104 according to the present 
embodiment, Which are shoWn along the lengthWise direc 
tion of the exhaust line 104. The cooling pipe 105 may be 
provided in the Wall of the exhaust line 104 as shoWn in FIG. 
2. It may also be provided as shoWn in FIG. 3, in such a 
manner that at least part of the cooling pipe 105 stands bare 
to the gas passage of the exhaust line 104. In the latter case, 
the exhaust gases ?oWing through the gas passage can come 
into direct contact With the cooling pipe 105 in a broad area. 

In the present embodiment, the exhaust line 104 is also 
provided With a rising part 109 in the vicinity of the auxiliary 
pump 103. This rising part 109 serves as a barrier, and the 
diffusion pump oil formed by liquefying the oil smoke by the 
aid of the cooling pipe 105 is further prevented from ?oWing 
into the auxiliary pump 103. The cooling pipe 105 may be 
provided in the exhaust line 104 in such a manner as to 
extend from the side closer to the diffusion pump 102 and 
reach the rising part 109 or may be provided in such a 
manner as to not reach the rising part 109. 

The exhaust gases from Which the diffusion pump oil has 
been removed by the aid of the cooling pipe 105 are 
exhausted outside the system of the vacuum processing 
apparatus by means of the auxiliary pump 103. HoWever, 
When exhausted, the exhaust gases by no means contaminate 
the oil held in the auxiliary pump 103. The diffusion pump 
oil formed by liquefying the oil smoke by the aid of the 
cooling pipe 105 stands in the interior of the exhaust line 
104, and hence may be appropriately discharged so as to be 
recovered. 
The diffusion pump oil recovered or collected by the 

method of the present invention does not stand mixed With 
other oils and can be free from quality deterioration. Hence, 
it can be reused by returning it to the diffusion pump. 

(Second Embodiment) 
A deposited-?lm-forming apparatus as a vacuum process 

ing apparatus according to a second embodiment of the 
present invention is the same as the ?rst embodiment except 
that, as shoWn in FIG. 4, the exhaust line 104 is, at its 
cooling pipe portion, set loW on the side of the diffusion 
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pump 102 and high on the side of the auxiliary pump 103. 
Since the exhaust line 104 is set in this Way, it follows that 
the diffusion pump oil formed by liquefying the oil smoke by 
the aid of the cooling pipe 105 returns naturally to the 
interior of the diffusion pump 102 by its oWn Weight. 
Accordingly, the diffusion pump oil can readily be reused 
While saving time and labor for detaching the exhaust line 
104 to remove the diffusion pump oil standing in the interior. 

(Third Embodiment) 
Adeposited-?lm-forming apparatus as a vacuum process 

ing apparatus according to a third embodiment of the present 
invention is characteriZed by, as shoWn in FIG. 5, an exhaust 
line 104 attached at its cooling pipe portion to an oil 
reservoir 312 provided in the vicinity of the auxiliary pump 
103. Other features are the same as those in the ?rst 
embodiment. 

Since the oil reservoir 312 is provided, the time and labor 
for detaching the exhaust line 104 can be saved When the 
diffusion pump oil formed by liquefying the oil smoke is 
removed. The oil reservoir 312 is provided With a leak valve 
308, an evacuation valve 309, an oil discharge valve 310 and 
an on-off valve 311. Usually, the on-off valve 311 is open 
and the leak valve 308, evacuation valve 309 and oil 
discharge valve 310 are closed so that the diffusion pump oil 
in the exhaust line 104 can gather in the oil reservoir 312. 
When the diffusion pump oil having gathered in the oil 

reservoir 312 is removed, the on-off valve 311 is closed and 
the internal pressure of the oil reservoir 312 is restored to 
atmospheric pressure by operating the leak valve 308. 
Thereafter, the oil discharge valve 310 is opened to remove 
the diffusion pump oil. After it has been removed, the oil 
discharge valve 310 and the leak valve 308 are closed, and 
the evacuation valve 309 is opened to evacuate the inside of 
the oil reservoir 312. After it has been evacuated, the 
evacuation valve 309 is closed, and the on-off valve 311 is 
opened so that the oil can be received. Such operation 
enables the diffusion pump oil to be removed Without 
restoring the internal pressure of the diffusion pump 102 and 
auxiliary pump 103 to atmospheric pressure, and hence the 
operating efficiency can be maintained. Thus, this is a 
preferred embodiment. 

(Fourth Embodiment) 
Adeposited-?lm-forming apparatus as a vacuum process 

ing apparatus according to a fourth embodiment of the 
present invention is so embodied that, as shoWn in FIG. 6, 
the exhaust line 104 is, at its cooling pipe portion, set high 
on the side of the diffusion pump 102 and loW on the side of 
the auxiliary pump 103 and also the exhaust line 104 
connecting the oil reservoir 312 and the auxiliary pump 103 
is raised on the side of the auxiliary pump 103 to form a 
rising part. Other features are the same as those in the third 
embodiment. Namely, the oil reservoir 312 is provided on 
the side of the auxiliary pump 103, and the oil reservoir 312 
is provided With a leak valve 308, an evacuation valve 309, 
an oil discharge valve 310 and an on-off valve 311. Accord 
ing to the present embodiment, the diffusion pump oil 
formed by liquefying the oil smoke can more effectively be 
collected in the oil reservoir 312 While utiliZing its oWn 
Weight. 

The exhaust line 104 in the present embodiment may 
otherWise be, at its cooling pipe portion, set loW on the side 
of the diffusion pump 102 and high on the side of the 
auxiliary pump 103. In such an instance, the diffusion pump 
oil formed by liquefying the oil smoke can readily be 
collected in the diffusion pump 102 by its oWn Weight, thus, 
the time until the oil reservoir 312 ?lls With the diffusion 
pump oil can be extended to a greate degree. 
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(Fifth Embodiment) 
A deposited-?lm-forming apparatus as a vacuum process 

ing apparatus according to a ?fth embodiment of the present 
invention has, as shoWn in FIG. 7, an exhaust line 104 
provided horiZontally at its cooling pipe portion to connect 
the diffusion pump 102 and the auxiliary pump 103. An oil 
reservoir 312 is connected With the exhaust line 104 through 
tWo on-off valves 511 and is detachable at the part betWeen 
the tWo on-off valves 511. Other features are the same as 
those in the third embodiment. 

Usually, When the diffusion pump 102 and the auxiliary 
pump 103 are operated, the on-off valves 511 are open, and 
the leak valve 308 and evacuation valve 309 are closed so 
that the diffusion pump oil in the exhaust line 104 can be 
received in the oil reservoir 312. When the diffusion pump 
oil is removed, the upper valve of the on-off valves 511 is 
closed, and the loWer valve thereof is kept open, Whereby the 
internal pressure of the oil reservoir 312 is restored to 
atmospheric pressure by operating the leak valve 308. 
Thereafter, the oil reservoir 312 is detached at the part 
betWeen the on-off valves 511, thereby enabling removal of 
the diffusion pump oil. When attached, the on-off valves 511 
are connected With each other, and the loWer valve is kept 
open, Where the evacuation valve 309 is opened to evacuate 
the inside of the oil reservoir 312. After it has been suf? 
ciently evacuated, the evacuation valve 309 is closed, and 
the on-off valves 511 are opened so that the diffusion pump 
oil can be received. Employment of this embodiment makes 
it unnecessary to move the diffusion pump oil to a different 
container. Thus, the oil collected can directly be returned 
into the diffusion pump 102, providing a certain conve 
nience. 

In the present embodiment, a branch pipe Which connects 
the exhaust line 104 and one on-off valve 511 on the side 
closer to the exhaust line 104 as shoWn in the draWing may 
be provided. This enables easy collection of the diffusion 
pump oil formed by liquefying the oil smoke in the exhaust 
line 104 or enables temporary reservation of the diffusion 
pump oil in the branch pipe When the oil reservoir 312 is 
replaced. 

(Sixth Embodiment) 
In the sixth embodiment of the present invention, the 

deposited-?lm-forming apparatus as the vacuum processing 
apparatus according to any of the ?rst to ?fth embodiments 
is provided With an oil injector on the exhaust line 104. FIG. 
8 is a diagrammatic vieW of the construction of the vacuum 
processing apparatus of the present embodiment, shoWing 
the part having the diffusion pump 102 and an oil injector 
600 provided on the exhaust line 104. The oil injector 600 
comprises an injecting-oil receiver 613 in Which a diffusion 
pump oil 615 to be put into the diffusion pump 102 is held 
and an injecting on-off valve 614 for injecting the oil. To put 
the diffusion pump oil 615 into the diffusion pump 102, ?rst 
the diffusion pump oil 615 is put into the injecting-oil 
receiver 613 and thereafter the injecting on-off valve 614 is 
opened to pour the diffusion pump oil 615 into the diffusion 
pump 102. When the diffusion pump oil is put into the 
diffusion pump 102 in the manner of the present 
embodiment, it is unnecessary to restore the diffusion pump 
internal pressure to atmospheric pressure, and hence it can 
be done in a very short time. In this instance, if the injecting 
on-off valve 614 is opened When the diffusion pump oil 615 
is not present in the injecting-oil receiver 613, the air is 
draWn into the diffusion pump 102 and causes trouble. 
Hence, during operation, a small amount of diffusion pump 
oil 615 must alWays remain in the injecting-oil receiver 613. 
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Incidentally, the diffusion pump oil put into the diffusion 
pump 102 from the oil injector 600 may be a virgin oil, the 
diffusion pump oil recovered in the oil reservoir described in 
the third, fourth and ?fth embodiments, or a mixture of both, 
any of Which may preferably appropriately be used. 

In the present embodiment, the oil injector 600 may 
preferably be provided on the side closer to the diffusion 
pump 102 because the injected diffusion pump oil 615 can 
readily be received in the diffusion pump 102. 

(Seventh Embodiment) 
In the seventh embodiment of the present invention, the 

deposited-?lm-forming apparatus as the vacuum processing 
apparatus according to any of the ?rst to ?fth embodiments 
is provided With a closed oil injector. FIG. 9 is a diagram 
matic vieW of the construction of the vacuum processing 
apparatus of the present embodiment, shoWing the part 
having the diffusion pump 102 and a closed oil injector 700 
provided on the exhaust line 104. In FIG. 9, reference 
numeral 713 denotes an injecting-oil receiver in Which a 
diffusion pump oil 615 to be returned to the diffusion pump 
102 is held; 714, an injecting on-off valve for injecting the 
oil; 716, an oil injection valve for putting the diffusion pump 
oil into the inj ecting-oil receiver 713; and 717, an evacuation 
valve for evacuating the inside of the injecting-oil receiver 
713. To return the diffusion pump oil to the diffusion pump 
102, ?rst the injecting on-off valve 714 and evacuation valve 
717 are closed, and the oil injection valve 716 is opened to 
restore the internal pressure of the injecting-oil receiver 713 
to atmospheric pressure and also to ?ll the injecting-oil 
receiver 713 With the diffusion pump oil. Thereafter, the oil 
injection valve 716 is closed and the evacuation valve 717 
is opened to evacuate the inside of the injecting-oil receiver 
713. Thereafter, the injecting on-off valve 714 is opened as 
desired, to inject the diffusion pump oil into the diffusion 
pump 102. In the case of the present system, there is no 
possibility of draWing air into the diffusion pump 102 even 
if the injecting on-off valve 714 is opened When the diffusion 
pump oil is not present in the injecting-oil receiver 713. 
Hence, the diffusion pump oil can more safely be returned. 

The deposited-?lm-forming apparatus as the vacuum pro 
cessing apparatus according to the present embodiment may 
also be provided With an oil gauge so that the quantity of the 
diffusion pump oil in the diffusion pump 102 can be con 
trolled. This is preferable in vieW of the advantage that the 
diffusion pump oil can be supplied safely and With ease. 

Incidentally, the injecting-oil receiver 613 or 713 may 
beforehand be provided With a sight WindoW With gradua 
tions for checking oil quantity; thus, the amount of diffusion 
pump oil that has been injected can be checked, providing a 
certain convenience. 

In the vacuum processing apparatus of the present 
invention, the cooling pipe 105 may be made of a material 
durable to refrigerant passing through the interior of the pipe 
and having a good heat conduction. Stated speci?cally, 
materials preferable for use include copper, aluminum, gold, 
silver, platinum, lead, nickel, cobalt, iron, chromium, 
molybdenum, titanium, stainless steel, and composite mate 
rials of tWo or more of these materials, as Well as insulating 
materials such as polyester, polyethylene, polycarbonate, 
cellulose acetate, polypropylene, polyvinyl chloride, poly 
vinylidene chloride, polystyrene, glass and ceramics. 

With regard to the shape of the cooling pipe 105, a pipe 
having a shape that ensures a large area of contact With the 
exhaust gases is preferably used. Stated speci?cally, the pipe 
may be provided on or in the inner Wall of the exhaust line 
104 in the shape of a coil, a net or a plurality of straight lines. 
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Also, the exhaust line 104 may be a coaxial double-Wall 
pipe, and the space betWeen its outer pipe and inner pipe 
may be used as the cooling pipe 105, through Which space 
the refrigerant ?oWs. Such an embodiment is also preferable 
in vieW of space saving and readiness for maintenance. 

Alternatively, a detachable cooling pipe 105 may be 
Wound around the outside of the exhaust line in the form of 
a coil or a net, or a plurality of straight pipes may be 
arranged around it. The temperature in the exhaust line 104 
can be controlled also When the cooling pipe 105 is provided 
on the outside of the exhaust line 104. A cooling air feed 
means (not shoWn) may also be provided so that the exhaust 
line 104 can be cooled by bloWing cooling air against its 
exterior. In the case Where the cooling pipe 105 is provided 
on the inside of the exhaust line 104, the cooling pipe 105 
may be provided With ?ns in order to enlarge the area of 
contact With the exhaust gases so that the present invention 
can be more effective. Also, in the case Where the cooling 
pipe 105 is provided on the outside of the exhaust line 104, 
the exhaust line 104 may be made to have an uneven inner 
Wall or may be provided With ?ns so that the present 
invention can be more effective. 

The length of the exhaust line 104 may be determined as 
desired, depending on the scale of exhaust space of the 
?lm-forming furnace to be evacuated by the diffusion pump, 
as exempli?ed by the installation space, shape and internal 
diameter of the deposited-?lm-forming apparatus. To better 
obtain the effect of the present invention, a piping length 
may preferably be made slightly large. HoWever, since an 
extremely large piping length may result in a loW exhaust 
capacity, the length may preferably be determined While 
taking even balance of the effect, the cost, the space used 
exclusively therefor and so forth. 
As the refrigerant ?oWing in the cooling pipe 105, either 

gas or liquid may be used. In vieW of cooling effect and 
temperature controllability, liquids are preferred. In 
particular, Water may preferably be used. As the Water, usual 
city Water may be used. As the Water used as the refrigerant, 
constant-temperature Water may be used. Besides the Water, 
oil or liquid nitrogen may also preferably be used as the 
liquid. 

In the embodiments described above, the diffusion pump 
oil recovery means 110 need not necessarily be provided in 
the diffusion pump 102. 
An electrophotographic photosensitive member produced 

using the exhaust system of the present invention and an 
example of the deposited-?lm-forming apparatus as a 
vacuum processing apparatus used to produce the electro 
photographic photosensitive member are speci?cally 
described beloW With reference to the draWings. 

FIG. 10 is a partial diagrammatic cross-sectional vieW 
illustrating an example of the layer con?guration of an 
electrophotographic photosensitive member Which can be 
produced by the system of the present invention. What is 
shoWn in FIG. 10 is a a single-layer type photosensitive 
member, comprising a photoconductive layer not function 
ally separated. This is a photosensitive member comprising 
a substrate 1010 and superposed thereon a charge injection 
blocking layer 1020, a photoconductive layer 1030 formed 
of a-Si containing at least hydrogen and a surface layer 1040 
formed of non-single-crystal carbon. Reference numeral 
1050 denotes a ?uorine-diffused region present on the 
outermost surface of the surface layer. 

FIG. 11 illustrates a function-separated type electropho 
tographic photosensitive member called a function 
separated type, comprising a photoconductive layer func 
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tionally separated into a charge generation layer and a 
charge transport layer. This comprises a substrate 1010 and 
a charge injection blocking layer 1020 optionally formed on 
the substrate and deposited thereon a photoconductive layer 
1030 functionally separated into a charge transport layer 
1060 and a charge generation layer 1070, formed of a-Si 
containing at least hydrogen, and a surface layer 1040 
further superposed thereon, formed of non-single-crystal 
carbon. Here, the charge transport layer 1060 and the charge 
generation layer 1070 may be used in any positional rela 
tionship. When the separation of functions is made by 
compositional change, the compositional change may be 
continuous. 

In the photosensitive members shoWn in FIGS. 10 and 11, 
the respective layers may involve continuous compositional 
changes and may have no clear interfaces betWeen them. 
The charge injection blocking layer 1020 may be omitted as 
desired. BetWeen the photoconductive layer 1030 and the 
surface layer 1040 formed of non-single-crystal carbon, an 
intermediate layer may optionally be provided for the pur 
pose of improving adhesion. Materials for the intermediate 
layer may include SiC, having a composition intermediate 
betWeen the photoconductive layer 1030 and the surface 
layer 1040. Alternatively, SiO or SiN may be used. The 
intermediate layer may have a continuously changing com 
position. 

The non-single-crystal carbon herein referred to may 
chie?y indicate amorphous carbon having properties inter 
mediate betWeen graphite and diamond. It may be microc 
rystalline or polycrystalline in part. Films containing it can 
be formed by plasma CVD, sputtering or ion plating. Films 
formed by plasma CVD have both high transparency and 
hardness and are preferable for their use as surface layers of 
electrophotographic photosensitive members. 
As electric-discharge frequencies used in the plasma CVD 

used When such non-single-crystal carbon ?lms are formed, 
any frequencies may be used. On an industrial scale, high 
frequencies of from 1 to 450 MHZ, called RF frequency 
bands, in particular, 13.56 MHZ, may preferably be used. 
Especially When high frequencies of frequency bands called 
VHF, of from 50 to 450 MHZ, are used, the ?lms can be 
formed in both higher transparency and hardness and are 
more preferable When used as surface layers. 

FIG. 12 shoWs an eXample of the ?lm-forming furnace 
101 described in the embodiments. Here is a diagrammatic 
illustration of a vacuum processing section having the part 
of the ?lm-forming furnace 101 of the vacuum processing 
apparatus as a deposited-?lm-forming apparatus for produc 
ing a photosensitive member by plasma CVD using a 
high-frequency poWer source. 

Stated roughly, the vacuum processing section has a 
deposition system 2100 and a material gas feed system 2220. 
The deposition system 2100 is connected to the eXhaust 
system (not shoWn) of the present invention. In a reactor 
(reaction furnace) 2110 in the deposition system 2100, a 
?lm-forming target cylindrical substrate 2112 connected to 
a ground, a heater 2113 for heating the ?lm-forming target 
cylindrical substrate 2112, and a material gas feed pipe 2114 
are provided. A high-frequency poWer source 2120 is also 
connected to the reactor via a high-frequency matching boX 
2115. 

The material gas feed system 2220 comprises gas cylin 
ders 2221 to 2226 for material gases and etching gases, such 
as SiH4, H2, CH4, NO, BZH6 and CF4, valves 2231 to 2236, 
2241 to 2246 and 2251 to 2256, and mass ?oW controllers 
2211 to 2216. The gas cylinders for the respective compo 
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nent gases are connected to the gas feed pipe 2114 in the 
reactor 2110 through a valve 2260. 

The high-frequency poWer source used for producing 
plasma may have any output poWer so long as it can output 
an electric poWer, Within the range of from 10 W to 5,000 W, 
suitable for systems used. With regard to the degree of 
output variability of the high-frequency poWer source, it 
may be of any value. 
As the matching boX 2115 used, those having any con 

stitution may preferably be used so long as they can make 
matching betWeen the high-frequency poWer source 2120 
and load. As methods for the matching, it may preferably be 
automatically controlled or may be manually controlled 
Without any adverse effect on the present invention at all. 
As materials for a cathode electrode 2111 to Which the 

high-frequency poWer is to be applied, usable are copper, 
aluminum, gold, silver, platinum, lead, nickel, cobalt, iron, 
chromium, molybdenum, titanium, stainless steel, and com 
posite materials of tWo or more of these materials are 
suitable for use. The cathode electrode may preferably have 
a cylindrical shape and may have an oval shape or a 
polygonal shape as desired. 

The cathode electrode 2111 may be optionally provided 
With a cooling means. As a speci?c cooling means, the 
electrode may be cooled With Water, air, liquid nitrogen or 
Peltier devices, Which may be selected as desired. 
The ?lm-forming target cylindrical substrate 2112, Which 

is a substrate to be processed, may be made of any material 
and may have any shape in accordance With its uses. For 
eXample, With regard to its shape, it may preferably be 
cylindrical When electrophotographic photosensitive mem 
bers are produced or may have the shape of a ?at plate or any 
other shape as desired. With regard to its material, copper, 
aluminum, gold, silver, platinum, lead, nickel, cobalt, iron, 
chromium, molybdenum, titanium, stainless steel, and com 
posite materials of tWo or more of these materials, as Well as 
insulating materials such as polyester, polyethylene, 
polycarbonate, cellulose acetate, polypropylene, polyvinyl 
chloride, polyvinylidene chloride, polystyrene, glass, quartZ, 
ceramics and paper Which are coated With conductive mate 
rials are suitable for use. 

As for its surface shape, unevenness made at relatively 
large cycles by cutting With a cutting tool or by dimple 
embossing may be used in combination for the purpose of 
preventing interference of light so as prevent deterioration of 
durability against unfocused images in an environment of 
high temperature and high humidity. Such an effect can be 
obtained When the electrophotographic photosensitive mem 
ber has an outermost surface roughness RZ of less than 1,000 
angstroms, assuming its standard length as 5 pm. Since the 
surface roughness can be smoothed by ?uorine plasma 
etching after the deposited ?lms have been formed to 
produce a photosensitive member, the roughness of the 
substrate surface before ?lm formation is not problematic. 
An eXample of the procedure for forming the photosen 

sitive member using the apparatus shoWn in FIG. 12 Will be 
described beloW. 
The ?lm-forming target cylindrical substrate 2112 is set in 

the reactor 2110, and the inside of the reactor 2110 is 
evacuated by means of the diffusion pump. Subsequently, 
the temperature of the ?lm-forming target cylindrical sub 
strate 2112 is controlled at a prescribed temperature of from 
20 to 500° C. by means of the heater 2113 for heating the 
?lm-forming target cylindrical substrate. 

Before material gases for forming the photosensitive 
member are ?oWed into the reactor 2110, gas cylinder valves 
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2231 to 2236 and a leak valve 2117 of the reactor are 
checked to make sure that they are closed, and also ?oW-in 
valves 2241 to 2246, ?oW-out valves 2251 to 2256 and an 
auxiliary valve 2260 are checked to make sure that they are 
open. Then, a main valve 2118 is opened to evacuate the 
insides of the reactor 2110 and a gas feed pipe 2116 by 
means of the exhaust system of the present invention. 

Next, at the time a vacuum gauge 2119 has been read to 
indicate a pressure of about 5x10“6 Torr, the auxiliary valve 
2260 and the ?oW-out valves 2251 to 2256 are closed. 
Thereafter, gas cylinder valves 2231 to 2236 are opened so 
that gases are respectively introduced from gas cylinders 
2221 to 2226, and each gas is controlled to have a pressure 
of 2 kg/cm2 by operating pressure controllers 2261 to 2266. 
Next, the ?oW-in valves 2241 to 2246 are sloWly opened so 
that gases are respectively introduced into mass ?oW con 
trollers 2211 to 2216. 

After the ?lm formation is thus ready to start through the 
above procedure, the photoconductive layer is formed on the 
?lm-forming target cylindrical substrate 2112. Incidentally, 
the auxiliary pump is operated together With the diffusion 
pump, Whereby the cooling means (cooling pipe) provided 
along the exhaust line effectively lique?es the vaporiZed 
diffusion pump oil draWn from the diffusion pump Which 
exhausts gases from the reactor 2110, and hence prevents it 
from reaching the auxiliary pump. 
When the ?lm-forming target cylindrical substrate 2112 

has a prescribed temperature, some necessary ?oW-out 
valves among the ?oW-out valves 2251 to 2256 and the 
auxiliary valve 2260 are sloWly opened so that prescribed 
material gases are fed into the reactor 2110 from the gas 
cylinders 2221 to 2226 through a gas feed pipe 2114. Next, 
the mass ?oW controllers 2211 to 2216 are operated so that 
each material gas is adjusted to How at a prescribed rate. In 
that course, the divergence of the main valve 2118 is so 
adjusted that the pressure inside the reactor 2110 comes to 
be a prescribed pressure of not higher than 1 Torr While 
Watching the vacuum gauge 2119. 

When the internal pressure becomes stable, a high 
frequency poWer source 2120 is set at a desired electric 
poWer, and a high-frequency poWer is supplied to the 
cathode electrode 2111 through the high-frequency match 
ing box 2115 to cause high-frequency gloW discharge to take 
place. The material gases fed into the reactor 2110 are 
decomposed by the discharge energy thus produced, so that 
a prescribed deposited ?lm mainly composed of silicon is 
formed on the ?lm-forming target cylindrical substrate 2112. 
After a ?lm With a desired ?lm thickness has been formed, 
the supply of high-frequency poWer is stopped, and the 
?oW-out valves 2251 to 2256 are closed to stop material 
gases from ?oWing into the reactor 2110. Thus, the forma 
tion of the photoconductive layer is completed. 
When the surface layer is formed on the photoconductive 

layer, basically the above operation may be repeated, and 
?lm forming gases and etching gases may be fed. 

Stated speci?cally, some necessary ?oW-out valves 
among the valves 2251 to 2256 and the auxiliary valve 2260 
are sloWly opened so that material gases necessary for the 
surface layer are fed into the reactor 2110 from the gas 
cylinders 2221 to 2226 through a gas feed pipe 2114. Next, 
the mass ?oW controllers 2211 to 2216 are operated so that 
each material gas is adjusted to How at a prescribed rate. In 
that course, the divergence of the main valve 2118 is so 
adjusted that the pressure inside the reactor 2110 comes to 
be a prescribed pressure of not higher than 1 Torr While 
Watching the vacuum gauge 2119. 
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When the internal pressure becomes stable, a high 

frequency poWer source 2120 is set at a desired electric 
poWer, and a high-frequency poWer is supplied to the 
cathode electrode 2111 through the high-frequency match 
ing box 2115 to cause high-frequency gloW discharge to take 
place. The material gases fed into the reactor 2110 are 
decomposed by the discharge energy thus produced, so that 
the surface layer is formed. After a ?lm With a desired 
thickness has been formed, the supply of high-frequency 
poWer is stopped, and the ?oW-out valves 2251 to 2256 are 
closed to stop material gases from ?oWing into the reactor 
2110. Thus, the formation of the surface layer is completed. 

After the gases used for ?lm formation have been thor 
oughly exhausted from the inside of the reactor, some 
necessary ?oW-out valves among the valves 2251 to 2256 
and the auxiliary valve 2260 are sloWly opened so that a gas 
containing at least ?uorine atoms, necessary for the etching 
is fed into the reactor 2110 from the gas cylinders 2221 to 
2226 through a gas feed pipe 2114. Next, the mass ?oW 
controllers 2211 to 2216 are operated so that the ?uorine 
containing gas is adjusted to How at a prescribed rate. In that 
course, the divergence of the main valve 2118 is so adjusted 
that the pressure inside the reactor 2110 comes to-be a 
prescribed pressure of not higher than 1 Torr While Watching 
the vacuum gauge 2119. 

When the internal pressure becomes stable, a high 
frequency poWer source 2120 is set at a desired electric 
poWer, and a high-frequency poWer is supplied to the 
cathode electrode 2111 through the high-frequency match 
ing box 2115 to cause high-frequency gloW discharge to take 
place. The ?uorine-containing gas fed into the reactor 2110 
is decomposed by the discharge energy thus produced and 
reacts With the surface layer, so that the surface layer is 
etched. 
The control of surface shape and the depth in Which the 

?uorine atoms are contained can be set arbitrarily by chang 
ing inner pressure, high-frequency poWer, substrate tem 
perature and so forth; thus any desired conditions can be set. 

After the surface layer has been etched in a desired depth, 
the supply of high-frequency poWer is stopped, and the 
?oW-out valves 2251 to 2256 are closed to stop the ?uorine 
containing gas from ?oWing into the reactor 2110. The 
etching of the deposited ?lm is thus completed. 

During ?lm formation, the ?lm-forming target cylindrical 
substrate 2112 may be rotated at a prescribed speed by 
means of a drive (not shoWn). 

FIG. 13 is a diagrammatic vieW of an example of an 
apparatus (mass production type) for forming electrophoto 
graphic photosensitive members by plasma CVD as an 
embodiment different from that shoWn in FIG. 12. FIG. 13 
shoWs a diagrammatic cross section at the part of a reactor. 
In FIG. 13, reference numeral 3000 denotes the reactor, 
Which corresponds to the ?lm-forming furnace referred to in 
FIG. 1 and has a vacuum closed structure. Reference 
numeral 3020 denotes an exhaust pipe, one end of Which 
opens to the inside of the reactor 3010 and the other end of 
Which communicates With the exhaust system (not shoWn). 
Reference numeral 3030 denotes a discharge space sur 
rounded by a plurality of ?lm-forming target cylindrical 
substrates 3040. A high-frequency poWer source 3050 is 
electrically connected to an electrode 3070 via a high 
frequency matching box 3060. The ?lm-forming target 
cylindrical substrates 3040 are each placed around a rotating 
shaft 3090 and set on holders 3080a and 3080b. They are so 
set as to be rotatable as desired. 

As a material gas feed system (not shoWn), the same one 
as shoWn in FIG. 12 by reference numeral 2200 may be 








